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MOD04 Heavey Absorbing Aerosol Model
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Global Fire Map:  8/9/2011 - 8/18/2011 (NASA/GSFC Rapid Response).
Yellow: more fires detected     Red: less fires detected
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Global Fire Map:  8/9/2011 - 8/18/2011 (NASA/GSFC Rapid Response).
Yellow: more fires detected     Red: less fires detected
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Courtesy MODIS Atmosphere Browse Imagery
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MYD021km:  8/19/2011, 1250 UTC

True color:  bands 1-4-3 (0.66, 0.55, 
0.47 µm)
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Goals

• Assess how often the smoke layer entrains into the cloudy boundary layer.

• Build on previous work by investigating biases in the MODIS cloud optical property 
retrievals (MOD06/MYD06) resulting from the overlying absorbing smoke layer.

• Perform a better assessment of enhanced direct aerosol forcing from the overlying 
smoke layer.
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August 26, 2010 (13:11:09Z Daytime)
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August and September 2006-20011 Daytime Orbits
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• Absorbing aerosol properties:

- MOD04 C5 aerosol models (Remer et al.).

- MIEV (Wiscombe et al., 1980).

• Look-up tables:

- Forward RT calculations using DISORT.

- MOD06 water cloud bulk scattering properties.

Effects on MOD06
 
Table 4 displays the optical properties and size distributions for the Continental model, the three 
spherical (neutral, absorbing and non-absorbing) fine models and the one spheroid coarse aerosol 
(dust) models assumed for V5.2. Figure 11 shows the size distributions for the four AERONET-
derived models. Note the dynamic nature (function of AOD) of the size properties of the fine models, 
especially the non-absorbing model.  Figure 12 plots the final phase function at 0.55 µm for each 
model for an AOD of 0.5.  

TABLE 4: OPTICAL PROPERTIES OF THE AEROSOL MODELS USED FOR THE V5.2 OVER-LAND LOOKUP TABLE 

Model Mode rv (µm) )  V0 (µm3/µm2) Refractive Index: k 
SSA/g 

(0.47/0.55/0.66/2.1µM) 
for '0.55 = 0.5 

Continental      0.90/0.89/0.88/0.67 
0.64/0.63/0.63/0.79 

 Soluble 0.176 1.09 3.05 1.53-0.005i; 0.47 µm 
1.53-0.006i; 0.55 µm 
1.53-0.006i; 0.66 µm 
1.42-0.01i; 2.12 µm 

 

 Dust  17.6 1.09 7.364 1.53-0.008i; 0.47 µm 
1.53-0.008i; 0.55 µm 
1.53-0.008i; 0.66 µm 
1.22-0.009i; 2.12 µm 

 

 Soot 0.050 0.693 0.105 1.75-0.45i; 0.47 µm 
1.75-0.44i; 0.55 µm 
1.75-0.43i; 0.66 µm 
1.81-0.50i; 2.12 µm 

 

Neutral/ 
Generic 

     0.93/0.92/0.91/0.87 
0.68/0.65/0.61/0.68 

 Accum 0.0203' + 0.145 0.1365' + 0.3738 0.1642 '0.7747 1.43 - (-0.002'+0.008)i  
 Coarse 0.3364' + 3.101 0.098' + 0.7292 0.1482 '0.6846 1.43 - (-0.002'+0.008)i  

Non-absorb/ 
Urban-Ind 

     0.95/0.95/0.94/0.90 
0.71/0.68/0.65/0.64 

 Accum 0.0434' + 0.1604 0.1529' + 0.3642 0.1718 '0.8213 1.42 - (-0.0015'+0.007)i  
 Coarse 0.1411' + 3.3252 0.1638' + 0.7595 0.0934 '0.6394 1.42 - (-0.0015'+0.007)i  

Absorbing/ 
Heavy Smoke 

     0.88/0.87/0.85/0.70 
0.64/0.60/0.56/0.64 

 Accum 0.0096' + 0.1335 0.0794' + 0.3834 0.1748 '0.8914 1.51 – 0.02i  
 Coarse 0.9489' + 3.4479 0.0409' + 0.7433 0.1043 '0.6824 1.51 – 0.02i  

Spheroid/ 
Dust 

     0.94/0.95/0.96/0.98 
0.71/0.70/0.69/0.71 

 Accum 0.1416 ' -0.0519 0.7561 ' 0.148 0.0871 '1.026 1.48'—0.021 – (0.0025 '0.132)i; 0.47 µm 
1.48'—0.021 – 0.002i; 0.55 µm 

1.48'—0.021 – (0.0018 '-0.08)i; 0.66 µm 
1.46'—0.040 – (0.0018 '-0.30)i; 2.12 µm 

 

 Coarse 2.2 0.554 ' -0.0519 0.6786 '1.0569 1.48'—0.021 – (0.0025 '0.132)i; 0.47 µm 
1.48'—0.021 – 0.002i; 0.55 µm 

1.48'—0.021 – (0.0018 '-0.08)i; 0.66 µm 
1.46'—0.040 – (0.0018 '-0.30)i; 2.12 µm 

 

       

Listed for each model are the individual lognormal modes, and the final SSA at different wavelengths. Listed for each mode are the mean radius rv, 
standard deviation ) of the volume distribution, and total volume of the mode, V0. The complex refractive index is assumed for all wavelengths (0.47, 
0.55. 0.66 and 2.1 µm), unless otherwise noted. The Absorbing and Neutral model parameters (rv, ) and k) are defined for ' $ 2.0; for ' > 2.0, we assume ' 
= 2.0. Likewise, the Non-absorbing and Spheroid model parameters are defined for ' $ 1.0. V0 (for all models) is defined for all '. 
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Figure 1. Graph showing the optical properties of: (a) the biomass burning aerosol, and (b) the Saharan dust
aerosol used in the calculations. Here ωo is the single scattering albedo; g is an asymmetry factor and ke the
specific extinction coefficient. In (a) ke, has been divided by a factor of ten for ease of graphical representation.

TABLE 1. THE OPTICAL PARAMETERS FOR BIOMASS BURNING AEROSOL (BB), AND SAHARAN DUST AT
WAVELENGTHS, λ, USED IN THE RADIATIVE TRANSFER CALCULATIONS

λ = 0.55 λ = 0.63 λ = 0.87 λ = 1.63 λ = 2.13 λ = 3.7

ωo g ke ωo g ke ωo g ke ωo g ke ωo g ke ωo g ke

BB 0.91 0.59 5.00 0.88 0.52 3.90 0.86 0.40 3.50 0.78 0.48 0.50 0.78 0.79 0.40 0.75 0.57 0.20
Dust 0.95 0.74 0.42 0.96 0.73 0.42 0.96 0.70 0.42 0.98 0.78 0.44 0.94 0.86 0.30 0.90 0.82 0.24

The specific extinction coefficient, ke, is given in m2g−1. In the calculations, the aerosol optical depth, δaerosol, is
set to 0.5 at a wavelength of 0.55 µm; thus δaerosolλ can be approximated as 0.1keλ for biomass burning aerosol,
and 1.2keλ for Saharan dust aerosol.

better represent the absorption and scattering of Saharan dust in the 8–12 µm atmos-
pheric window; these refractive indices are only available for wavelengths >4.5 µm.
Therefore the refractive indices of dust from WMO (1986) are assumed for radiative
calculations performed at 3.7 µm. The modelled aerosol optical parameters suggest a
ωoλ=0.55 of 0.95 ± 0.04, keλ=0.55 of 0.42 m2g−1 and gλ of 0.74 at λ = 0.55 µm. We
show the wavelength dependence of these parameters in Fig. 1(b), and report the values
of the optical parameters at specific AVHRR and MODIS wavelengths in Table 1. It is
interesting to note that ωo increases at wavelengths between 0.55 and 2.0 µm, reaching
a value of 0.98 at 2.0 µm. Note here that spherical particles are assumed in determining
the radiative properties and radiative effects; the effects of non-sphericity are beyond the
scope of the present work.

For Saharan dust ωoλ=0.55 is greater than for biomass burning, indicating that
Saharan dust is less absorbing because it does not contain black carbon which is the
major absorbing component of atmospheric aerosol (e.g. Haywood and Boucher 2000).
One of the most notable differences between Figs. 1(a) and (b) is that ke is a strong
function of wavelength for biomass burning aerosol (Fig. 1(a)), while for mineral dust it
shows much less variation across the range of wavelengths (Fig. 1(b)). This difference is
due to the fact that the Saharan dust size distribution contains proportionally more large
particles, and this is important when interpreting the results presented in section 5.

3. VERTICAL DISTRIBUTION OF AEROSOLS AND CLOUDS

The Met Office C-130 aircraft flew a total of six dedicated flights off the coasts of
Namibia and Angola during the SAFARI 2000 measurement campaign (flight numbers

MOD04 ATBD

Haywood et al. (2004)
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Nighttime CALIOP

Daytime CALIOP

August and September 2006-2011
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August and September 2006-2011 MOD06 C6 (CALIOP-collocated retrievals only)

Friday, May 25, 12



MODIS Science Team Meeting, May 7, 2012

August and September 2006-2011
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Future Work

• Finish reprocessing for modified focus region.

• Assess the direct radiative forcing with corrected MOD06 cloud retrievals.

• Investigate methods for extending analysis across larger swath.
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